Abstract. For security, board containing leads are commonly used to partition off room adjacent to radiation facilities. From the viewpoints of environmental safety and of material recycling during the process of remodeling or repair, however, the trend is toward avoiding the use of lead-containing radiation-protection board. Consequently, we developed a lead-free board(W 910×H 1820× D 12.5mm)composed of a mixed material incorporating calcium sulfate and barium sulfate to be used as a partition at a diagnostic X-ray institution. The mass attenuation coefficients of the lead-free board were lower by about 12% and 60% for energy ranges of 25~37keV and 38~41keV, respectively, as compared with those of lead. Lead equivalents for the newly developed board(12.5mm thickness) were 0.87±0.01 mm Pb at 100 kV tube voltage, 0.60±0.01 at 125kV, and 0.47± 0.01 at 150kV. A double-layer lead-free board proved to have enough shielding ability even at usual photographic frequencies'.
Introduction
Lead is generally used as X-ray protective materials in Japan. However, the trend is toward avoiding the use of lead-containing protective materials to prevent the problem of environmental pollution [1] . Therefore the lead-free board with the main component of calcium and barium sulphates was developed as X-ray protective materials. We evaluated the performance of the lead-free board.
Materials and Methods

Objects
The composition of the lead-free board is 50% weight ratios of calcium sulphate and barium sulphate. The size of the lead-free board is W910 X H1820 X D12.5mm, and the weight is 30kg/sheet with the specific gravity of 1.45g/cm^3. For the production line a conventional plasterboard line was used.
Methods 2.2.1 Mass attenuation coefficient
The all mass attenuation coefficients [μ all ] [cm 2 /g] of the compound were calculated by the next expression.
where μ all is the all mass attenuation coefficient, ω i is the weight ratio of element i of the compound, μi is the mass attenuation coefficient of element i. The elemental weight ratio and mass attenuation coefficient of the lead-free board were substituted into the expression to calculate the values. Based on the values, all mass attenuation coefficients were calculated using the data of Seltzer et al based on the value.
Lead equivalent test
A lead equivalent was calculated based on the measurement of transmission X-rays in accordance with the JIS Z 4501 [2] . JIS Z 4501 is a lead equivalent test method for X-ray protective articles of Japan Industrial Standard. As for the X-ray device, Philips MG-161 was used with the tube voltages of 100,125,150kV; the focus -board distances of 1,500mm; the distance of board-measuring instrument of 75mm; the measuring instrument of RAMTEC 1000D (A-4 probe 30cc, a diameter of 38mm); and the X-ray beam, by a narrow beam (20mm φ) and a broad beam (300mm φ). In addition, effectiveness attenuation rate was measured both in one sheet of lead-free board and in two sheets.
Results
Mass attenuation coefficient
As for the lead-free board, the combination ratio of a calcium sulphate (CaSO 4 / 2H 2 O) and the barium sulphate 
Lead equivalent test
The lead equivalent of one piece of lead-free board of a wide beam (300mm φ) came to the tube voltages of 100kV 0.73 ± 0.01mmPb, 125kV 0.57 ± 0.01mmPb and 150kV 0.47 ± 0.01mmPb. The lead equivalent of one piece of lead-free board of a narrow beam (20mm φ) was tube voltages of 100kV0.87 ± 0.01mmPb, 125kV0.60 ± 0.01mmPb and 150kV0.47 ± 0.01mmPb. The effective dose attenuation ratio of one piece of lead-free board and that of two pieces are shown in figure 2. 
X-ray photograph of the lead-free board
The X-ray photograph of the lead-free board is shown in figure 3 . An air bubble can be seen uniformly. 
Discussion
The tube voltage of the X-ray diagnosis domain was 40-100kV with the effectiveness energy of 25 -37keV degree. All mass attenuation coefficient of the lead-free board of this energy range was a low value of 12% as compared with the lead. An addition, the X-ray CT and chest radiographic tube voltage were 100kV and higher, with the effectiveness energy of 38 -40keV level. All mass attenuation coefficient of the lead-free board of this energy range showed a low value of 60% as compared with that of the lead. This difference is due to the effect of the absorption edges of barium (Ba). Greater part of the photon of 40keV and less are absorbed in a lead-free board as can be seen in figure 2 . Scattered radiations from a subject become a broad spectrum which is shifted to the low energy side. As the maximum energy is approximately equal to the tube voltage, evaluations by the effective energy only would be inappropriate. Air bubbles are present in a lead-free board. However, they occupy only 4% of the total thickness, So, it's not much of a problem with X-ray protection because the air bubbles disperse in a lead-free board homogenously.
Conclusion
By superimposing two pieces of lead-free boards which we have developed, sufficient protective effects can be expected in the X-ray room. The spread of the lead-free boards is expected in the future.
